Abstract: Physical properties of Detarium microcarpum seed were investigated as a function of moisture content with a view to exploring the possibility of developing its bulk handling and processing equipment. In the moisture range of 8.2%-28.5% (d.b.), the major, intermediate and the minor axes increased from 2.95-3.21 cm, 1.85-2.61 cm, and 0.40-1.21 cm respectively. The arithmetic mean, geometric mean and equivalent sphere effective diameters determined at the same moisture level were significantly different from each other with the arithmetic mean diameter being of the highest value. The seed can be described as an irregularly shaped spherical disc. In the above moisture range, the surface area, one thousand seed weight, particle density and porosity increased linearly with moisture content from 354. 
white, and both the seed and kernel is disc shaped. The seed is normally processed further to release the kernel.
The present methods of processing the seed involve such unit operations as boiling, roasting or frying of sorted seeds for a period of time.
After these operations, the seeds are dehulled using rubbing action which involves moving a cylindrically shaped stone over a thin layer of the seeds with slight pressure. The kernels obtained are washed 3 to 4 times and soaked in water overnight. The water is then drained off and the kernels are sundried and milled. The seed kernel flour is a traditional emulsifying and thickening agent used to prepare cakes, bread, couscous, baby food and local beer.
The above processes as carried out not only lead to quantitative and qualitative losses of the finished product but are also tasky and time consuming. There is the need to develop more efficient methods and systems for processing and storing Detarium microcarpum seeds and their products. The development of such methods and equipment requires knowledge of the physical properties of the seed. Mieszkalski (1997) and Aviara et al. (1999) reported that the moisture content of agricultural materials influence the adjustment, performance efficiency and energy consumption of processing machines. Therefore, information on physical properties determined at different moisture contents is important in the design and development of machines and facilities for processing and storing seeds and grains.
Several researchers (Duttaet al., 1988 , Singh and Goswani 1996 , Aviara et al., 1999 , Ogunjimi et al., 2002 , Tabatabaeefar 2003 , Aviara et al., 2005a , 2005b , Burubai et al., 2007 , Simonyan et al., 2007 Shafiee et al., 2009 , Simonyan et al., 2009 , Aviara et al., 2010 , Shafiee et al., 2010 , Gholami et al., 2012 , Gebreselassie 2012 , Satimehin and Philip 2012 , Aviara et al., 2013 , Aviara et al., 2014a , 2014b ) studied the physical properties of different agricultural products for the above purpose.
The physical properties investigated at different moisture contents include axial dimensions and size distribution, seed surface area, one thousand seed weight, roundness and sphericity, aspect ratio, particle and bulk densities, 
Materials and methods
The bulk quantity of Detarium microcarpum seeds used for this study was obtained from eke-awgbu market in Awgbu town of Orumba North Local Government Area, Anambra State, Nigeria. The seeds were carefully cleaned of dirt, and foreign materials, broken and immature seeds were removed. The seeds were preserved by storing them in air tight polyethylene bags.
The moisture content of Detarium microcarpum seeds was determined using the method of Aviara et al.
(2010). Samples of seed were dried in an oven at 105 o C to constant weight with weight loss monitored on hourly basis to give an idea of the time at which the weight began to remain constant. The samples were found to maintain constant weight after oven drying at the above temperature for 6 h. To investigate the effect of moisture content on the physical properties of the seed, five moisture levels were used. Seed samples of desired moisture levels higher than the initial moisture content, were prepared by conditioning the samples using the method of Ezeike (1986) as employed by Aviara et al. (2010) and Aviara et al. (2013) . This involved the soaking of different bulk samples in clean water for a period of 30 min to 2 h followed by spreading out in thin layer to dry under natural air for 8 h. For the moisture level below the initial moisture content, triplicate samples of the seed were sun-dried at ambient temperature for 3 h. The samples were then sealed in marked polyethylene bags and stored in that condition for a further 24 h. This enabled stable and uniform moisture content of the samples to be achieved.
To determine the seed size, 100 seeds were randomly selected at each moisture level following a method similar to that employed by Dutta et al. (1988) .
For each seed, the three principal axial dimensions, namely the major, intermediate and minor axes were measured using a vernier caliper reading to 0.05mm. The arithmetic mean, geometric mean and equivalent sphere effective diameters were then calculated. Since size of seed was considered to be an important parameter in processing (Teotia and Ramakrishna 1989 , Joshi et al., 1993 , Suthar and Das 1996 , the bulk sample of seed at the market storage (initial) moisture content was classified into three categories, namely large (a > 3.07 cm), medium (2.53 cm≤ a≤ 3.07 cm) and small (a < 2.53 cm) based on the major axis. Seed surface area was determined using the coating method described by Mohsenin (1986) with modifications. Thirty Detarium microcarpum seeds at specified moisture content were randomly selected. Each seed was carefully wrapped round with foil paper to cover its outline. Excess foil paper was cut off and the covering on the seed was carefully unwrapped and spread out on a sheet of graph paper. The outline of the foil paper on the graph sheet was traced out and the surface area was determined by counting the squares. One thousand seed weight at each moisture level was obtained using an electronic balance weighing to 0.001g. The particle density of Detarium microcarpum seed was determined using the water displacement method. Thirty seeds, each coated with very thin layer of epoxy resin to prevent the absorption of water during the experiment, were used.
Bulk density was determined using the AOAC (1980) method. This involved the filling of a 500ml cylinder with seeds from a height of 15cm and weighing the content. Porosity was calculated from particle and bulk densities using the Equation (1) given Mohsenin (1986) .
whereλ = porosity (%), ρ b = bulk density (kg/m 3 ),ρ t = particle density (kg/m 3 ).
Roundness and sphericity were determined by tracing shadowgraphs of the seed at its natural position of rest on a graph sheet. This was followed by the drawing of inscribing and circumscribing circles on the shadowgraph. The projected area was determined using the method of counting the squares, the diameter and area of the smallest circumscribing circle as well as the diameter of the largest inscribing circle were measured. Thirty shadowgraphs were used at each moisture level. Seed roundness and sphericitywere calculated using the following Equation (2) and Equation In determining the angle of repose, the cylindrical pipe method was used. This involved the filling of a topless and bottomless cylinder with seeds. The cylinder was slowly raised up from the seeds on a flat surface until it left the seeds forming a cone and the base diameter and height of the cone was used to calculate the angle of repose.
The static coefficient of friction was evaluated on five structural surfaces namely: hessian bag material, fiber glass, galvanized steel sheet, plywood with wood grain parallel to direction of movement and plywood with wood grain perpendicular to direction of movement.
The inclined plane method as described by Dutta et al. (1988) and Suthar and Das (1996) Investigations were carried out at the above moisture levels to determine the effect of moisture content on the physical and frictional properties of the seed.
Seed size and size distribution
he size of Detarium microcarpum seed measured in terms of axial dimensions and average diameters at different moisture contentsare presented in Table1. Table   1shows that Table 2 , while the frequency distribution curves of the major, intermediate and minor axial dimensions of the seed are presented in Figure 2 . Table 2 shows that at the above moisture level, average major, intermediate and minor axial dimension was 3.03, 2.17 and 0.71cm respectively. About 48% by number and 51.6% by mass of the seed were large (a>3.07cm), 48%
by number and 45% of the seed were medium (2.53cm≤ a≤3.07cm) and 4% by number and 3.4% by mass were small (a< 2.53cm). The effect of moisture content on the surface area of Detarium microcarpum seed is presented in Figure 3 . 
where W 1000 is the one thousand seed weight (kg) and M is the moisture content (%, d.b.).
Particle Density
The effect of moisture and particle density is presented in Figure 5 . This shows that particle density increased from 1060 to 1316kg/m 3 as the moisture content of the seed increased from 8.2% to 28.5% (d.b.).
The particle density of the seed was significantly affected by moisture content at 1% level of significance (df = 4, F-ratio = 2.288E3 and p-value = 0.000). The relationship existing between particle density and moisture content was found to be linear and can be represented by the following regression Equation (7). (2014a) for Brachystegia eurycoma seed.
Bulk Density
The effect of moisture on bulk density of Detarium microcarpum seeds is shown in Figure 6 
Porosity
The variation of the seed porosity of Detarium microcarpum with moisture content is presented in 
Roundness and sphericity
The effect of moisture content on roundness and sphericity of Detarium microcarpum seed is shown in Figure8. The figure shows that roundness and sphericity increased linearly from 62.5% to 72.1% and 58.4% to 66.6% respectively as the moisture content of the seed increased from 8.2% to 28.5% (d.b.).The roundness and sphericity of the seed was significantly affected by moisture content at 1% level of significance (df = 4, F-ratios = 19.324 and 20.665, and p-values = 0.000 and 0.000). The high values of roundness and sphericity of the seed coupled with its low minor axial dimension indicate that it could be described as an oval disc in shape. The relationship between the moisture content and roundness and sphericity was found linear and it can be expressed by the following ( 1)0 and Equation (11) 
Angle of Repose
The variation of the angle of repose of Detarium microcarpum seed with moisture content is shown in Figure 9 . From this, it can be observed that the angle of repose increased from 9 to 28.4 o as the moisture content increased from 8.2% to 28.5% (d.b.). The angle of repose of the seed was significantly affected by moisture content at 1% level of significance (df = 4, F-ratio = 164.399 and p-value 0.000). At higher moisture contents within the experimental range, the seeds might have tended to stick together resulting in better stability and less flowability, which caused increase in the value of angle of repose with moisture content. The angle of repose increased linearly with moisture content in a relationship that can be expressed using the Equation (12):
where Ө is angle of repose in degree and M is moisture content (%, db).
Linear relationship between angle of repose and moisture content was also observed for cumin seed, lentil seed, coriander seed and Brachystegia eurycoma seed (Singh and Goswani, 1996 , Amin et al., 2004 , Yalcin and Ersan, 2007 , and Aviara et al., 2014a .
Static coefficient of friction
The between the static coefficient of friction and moisture content can be expressed for different structural surfaces using the following Equations (13), (14), (15), (16) 
Kinetic coefficient of friction
The variation of the kinetic coefficient of friction of Detarium microcarpum seed with moisture content on five structural surfaces is shown in Figure 11 The relationship existing between the kinetic coefficient of friction and moisture content can be expressed for different structural surfaces using
Equations (18), (19), (10), (21) and (22) 
Conclusions
The investigations of physical properties of Detarium microcarpum seeds revealed the following: 
